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Abstract
Background:  The strong causal role of hypercholesterolaemia on the progression of
atherosclerosis and subsequently on the development of cardiovascular disease is well described.
Main aim of this study was to evaluate the prevalence of self-reported hypercholesterolaemia and
its relation to nutritional habits, in a representative nationwide sample of adult Greek population.
Methods: Cross sectional survey. Based on a multistage sampling, 5003 adults (18 – 74 yr) were
enrolled (men: 48.8%, women: 51.2%). All participants were interviewed by trained personnel who
used a standard questionnaire. The questionnaire included demographic and socioeconomic
characteristics, medical history, lifestyle habits and nutritional assessment.
Results: The prevalence of self-reported hypercholesterolaemia was 16.4% in men and 21.8% in
women (P < 0.001). Hypercholesterolaemic status was positively associated with the prevalence of
hypertension, diabetes mellitus, renal failure, obesity and physical inactivity, and inversely with the
prevalence of smoking. The analysis of reported food consumption patterns showed that
consumption of fish, fruits and juices, cereals, and low fat milk and yogurt was significantly higher
among hypercholesterolaemic participants while the opposite was observed for food items as red
meat, pork, egg, full fat dairy products and desserts.
Conclusion: Hypercholesterolaemia seems to affect a large part of Greek population. It is hopeful
that hypercholesterolaemics may have started adopting some more healthy nutritional behaviour
compared to normocholesterolaemic ones.
Background
Cardiovascular disease is the leading cause of death
worldwide affecting millions of people in both developed
and developing countries. In particular, in most European
countries cardiovascular disease contributes about 40% to
all cause mortality [1]. Accumulating evidence coming up
from numerous studies [2-6], have revealed the strong
causal role of hypercholesterolaemia on the progression
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of atherosclerosis and subsequently on the development
of cardiovascular disease. According to the World Health
Organization (WHO) it is estimated that high cholesterol
causes around a third of all cardiovascular disease world-
wide, and that 105 million people in the USA have cho-
lesterol levels that are a cardiovascular risk [7].
It should be noted that the strength of the relationship
between hypercholesterolaemia and atherosclerosis
might be influenced by several lifestyle related factors, like
smoking, physical activity and psychosocial conditions
[2]. It is also known that well balanced dietary patterns,
like the Mediterranean diet, are strongly related with
blood lipids levels, as well as with the prevalence and the
management of dyslipidemia [8-12]. Furthermore, it is
encouraging that, primary and secondary prevention trials
[13-15] have provided strong evidence that lowering
serum cholesterol levels can be translated into a reduction
in mortality rates from cardiovascular disease.
The limited current data regarding the prevalence of
hypercholesterolaemia in Greece, in combination with
the considerable variability of hypercholesterolaemia
between countries, as well as within countries, and
between different areas and population groups [16], moti-
vated us to conduct a cross-sectional study in a nation-
wide sample of Greek adults. The study was also
undertaken with aim to evaluate the association between
nutritional habits and the prevalence of hypercholestero-
laemia.
Methods
Study sample
In the present study, which was carried out in Greece in
autumn of 2004, 5003 adults (18 – 74 years) participated.
In order to be the study's sample as more representative as
possible, the selection of the participants (men: 48.8%,
women: 51.2%) was random, multistage, nationwide
(including 66.6% urban and 33.4% rural areas) and it was
based on the age-gender distribution of Greek population
provided by the National Statistical Service according to
the census of 2000 (Table 1). Furthermore, the sampling
anticipated enrolling only one participant per household.
All participants were interviewed with telephone by
trained personnel (cardiologists, dieticians and nurses)
who used a standard questionnaire.
Investigated measurements
The questionnaire addressed especially: a) individual
demographic and socioeconomic characteristics (age,
gender, schooling, occupation, residence); b) information
relevant to health status assessment (hypercholesterolae-
mia, hypertension, diabetes mellitus and renal failure); c)
food consumption pattern; d) lifestyle habits, such as
smoking status and level of physical activity; and e) char-
acteristics related to body composition (recalled weight
and height).
Regarding the assessment of hypercholesterolaemic sta-
tus, the subjects were considered as hypercholesterolae-
mic if they were reporting that they had been previously
diagnosed by a registered physician (type of answer: yes/
no). In case of positive answer, they were asked to report
the most recent measurement of total cholesterol in
serum, and to provide data relevant to the selected way of
treatment (drug treatment or dietary treatment or drug
and dietary treatment or no treatment). Respective infor-
mation (prior diagnosis, intensity of problem and
selected way of treatment) concerning hypertension, dia-
betes mellitus and renal failure were retrieved too. Family
history of all the aforementioned health problems was
also recorded (type of answer: yes /no / don't know for
father, mother, brother and sister).
Relatively to the nutritional component of the question-
naire, the participants were asked to report their average
weekly consumption (in servings) of a list of food items
of all different food groups. The educational level of the
participants (as a proxy of social status) was measured by
the years of schooling (Group I: < 9 years, Group II: up to
high school or technical colleges (10 – 14 years) and
Group III: university). Current smokers were defined as
those who smoked at least one cigarette per day; never
smokers those who have never tried a cigarette in their life
and former smokers were defined as those who had
stopped smoking for at least one year. Physically active
Table 1: Age - gender distribution of the study's population and the Greek population.
Study's Population Greek Population
Age (years) Men Women Men Women
18–24 11.2 % 10.0 % 13.7 % 12.4 %
25–34 22.5 % 21.0 % 21.2 % 19.9 %
35–44 20.0 % 19.7 % 19.4 % 19.3 %
45–54 17.8 % 17.7 % 16.9 % 16.9 %
55–64 14.6 % 15.8 % 14.7 % 15.8 %
65–74 13.8 % 15.8 % 14.1 % 15.7 %Lipids in Health and Disease 2006, 5:5 http://www.lipidworld.com/content/5/1/5
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were considered all the participants who reported either
that they participated in an exercise program (such as
gym, sports, jogging etc.) during their leisure time at least
once a week, or that their occupation presupposes certain
level of physical fatigue. The rest of the subjects were
defined as physically inactive. Finally, we used data of self
reported weight and height to calculate body mass index
(BMI). Participants were classified as obese if BMI was ≥
30 kg/m2.
Statistical analysis
Continuous variables are presented as mean values ±
standard deviation, while qualitative variables are pre-
sented as absolute and relative frequencies. Associations
between categorical variables were tested by the use of
contingency tables and the calculation of Pearson's chi-
squared test. All comparisons among paired groups of
sample in relation to normally distributed continuous
variables were performed using the student t-test. Every
reported P-value is based on two-sided tests and com-
pared to a significance level of 5%. SPSS version 11.5 (Sta-
tistical Package for Social Sciences, SPSS Inc, U.S.A.)
software was used for all the statistical calculations.
Results
The characteristics (demographic characteristics, lifestyle
habits and information from the medical history) of the
study's participants in relation to gender are presented in
Table 2. The mean age of men was slightly smaller than
that of the women (43.7 ± 16.1 and 44.7 ± 16.0 years,
respectively). Additionally, men were more educated and
physically active, as well as more frequently current and
former smokers.
Analysis of data relevant to the medical history showed
statistically significant difference among men and women
in relation to prevalence of hypercholesterolaemia and
hypertension, but not to prevalence of obesity, diabetes
mellitus and renal failure. In particular, 400 men (16.4%)
and 560 women (21.8%) reported that they had hyperc-
holesterolaemia, while 325 men (13.3%) and 455
women (17.7%) reported that they were hypertensive.
Table 2: Characteristics of the study's participants (% by gender)
Men (n = 2439) Women (n = 2564) P
Age (years) 43.7 ± 16.1 44.7 ± 16.0 0.025*
Education status a < 0.001*
Group I 710 (29.1 %) 997 (38.9 %)
Group II 763 (31.3 %) 787 (30.7 %)
Group III 966 (39.6 %) 779 (30.4 %)
Physical status < 0.001*
Physically inactive 1664 (67.8 %) 2110 (82.3 %)
Physically active 784 (32.2 %) 454 (17.7 %)
Smoking habits < 0.001*
Never smoker 700 (28.7 %) 1381 (53.9 %)
Current smoker 1176 (48.2 %) 901 (35.1 %)
Former smoker 563 (23.1 %) 282 (11.0 %)
BMI (Kg/m2) b 26.3 ± 5.7 25.0 ± 5.3 < 0.001*
Obesity (BMI ≥ 30 Kg/m2) 322 (13.2 %) 345 (13.5 %) 0.703
Hypertension 325 (13.3 %) 455 (17.7 %) < 0.001*
Hypercholesterolaemia 400 (16.4 %) 560 (21.8 %) < 0.001*
Diabetes mellitus 152 (6.2 %) 146 (5.7 %) 0.422
Renal failure 23 (0.5 %) 39 (0.8 %) 0.065
a The educational level of the participants was measured by the years of schooling (Group I: < 9 years, Group II: up to high school or technical 
colleges (10 – 14 years) and Group III: university
b BMI: Body mass index.
P < 0.05 Statistical significant difference between men and women
Table 3: Prevalence of cardiovascular risk factors in relation to hypercholesterolaemic status (in percentages)
Normal (n = 4043) Hypercholesterolaemic subjects (n 
= 960)
P
Hypertension 11.1 % 34.7 % < 0.001
Diabetes Mellitus 4.2 % 13.3 % < 0.001
Obesity 11.8 % 19.6 % < 0.001
Smoking 43.2 % 34.3 % < 0.001
Physical inactivity 73.2 % 84.1 % < 0.001Lipids in Health and Disease 2006, 5:5 http://www.lipidworld.com/content/5/1/5
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Hypercholesterolaemic status was inversely associated
with the prevalence of smoking and positively with the
prevalence of the rest cardiovascular risk factors investi-
gated (i.e. hypertension, diabetes mellitus, obesity, physi-
cal inactivity) in the overall sample. The prevalence's
values of the aforementioned cardiovascular risk factors
among normocholesterolaemic and hypercholesterolae-
mic subjects are presented in Table 3 (all Ps < 0.001).
The distribution of hypercholesterolaemic study's partici-
pants by age group, which is presented in Table 4, shows
that the significant difference mentioned before between
men and women in relation to hypercholesterolaemic sta-
tus (women > men) is attributed to the large differences
observed in older age groups (55 – 74 yr).
Difference was found between hypercholesterolaemic
men and women relatively to the selected treatment of
hypercholesterolaemia (P = 0.031). Table 5 present the
respective distribution. Meanwhile, analysis of partici-
pants' family history of hypercholesterolaemia showed a
positive association (P < 0.001) only between brothers
(independently of gender) and not between parents and
descendants. Specifically, only 2.1% of the normocholes-
terolaemic participants reported that they have a hyperco-
lesterolaemic brother or a sister in contrast with 9.48% of
hypercholesterolaemic participants who reported that
they have a brother or a sister with the same health prob-
lem.
Several associations were also detected between nutri-
tional habits and hypercholesterolaemic status. The aver-
age weekly consumption (expressed in servings) of the
investigated food groups by normocholesterolaemic and
hypercholesterolaemic subjects is presented in Table 6.
With the exception of some food groups or items i.e.
chicken (P = 0.562), vegetables (P = 0.272) and legumes
(P = 0.431), hypercholesterolaemic participants differ sig-
nificantly when compared to normocholesterolaemics in
relation to the consumption of the food groups examined.
Specifically, statistic analysis of reported food consump-
tion patterns showed that hypercholesterolaemics con-
sume more frequently items from the groups of fish (P <
0.001), bread and cereals (P = 0.031), fruits and juices (P
< 0.001) and low fat milk and yogurt (P < 0.001), while
normocholesterolaemic participants have greater con-
sumption of red meat (P < 0.001), pork (P < 0.001), egg
(P < 0.001), pasta and rice (P < 0.001), potatoes (P <
0.001), full fat milk and yogurt (P < 0.001), yellow cheese
(P < 0.001), white cheese (P < 0.001) and desserts or ice
creams (P < 0.001).
Discussion
This cross – sectional study of about 5000 individuals
from Greece investigated the prevalence of self-reported
hypercholesterolemia and its relation to the nutritional
habits of the participants. The main finding of this work
was that about 1 out of 5 participants (overall population:
19.2%, men: 16.4%, women: 21.8%) reported of having
high serum levels of total cholesterol. Meanwhile, the
published epidemiological data regarding the current
prevalence of hypercholesterolaemia in the Greek popula-
tion are limited. In particular, the ATTICA study [17] is the
only known, well organized and large – scale health sur-
vey that provided relevant data from an urban popula-
tion. According to the aforementioned study, which was
Table 4: Distribution of hypercholesterolaemic study's participants by age group
Men Women P Total
Age n n n
18–24 333 2 (0.6 %) 317 7 (2.2 %) 0.08 650 9 (1.4 %)
25–34 518 24 (4.6 %) 510 25 (4.9%) 0.84 1028 49 (4.8 %)
35–44 474 66 (13.9 %) 496 48 (9.7%) 0.04 970 114 (11.8 %)
45–54 412 101 (24.5 %) 433 106 (24.5%) 0.99 845 207 (24.5 %)
55–64 358 110 (30.7 %) 405 177 (43.7%) < 0.001 763 287 (37.6 %)
65–74 344 97 (28.2 %) 403 197 (48.9%) < 0.001 747 294 (39.4 %)
Total 2439 400 (16.4 %) 2564 560 (21.8%) < 0.001 5003 960 (19.2 %)
Table 5: Selected treatment of hypercholesterolaemia by study's participants (by gender, P = 0.031)
Men (n = 400) Women (n = 560) Total (n = 960)
Drug treatment only 10.8 % 12.3 % 11.7 %
Dietary treatment only 48.5 % 51.4 % 50.2 %
Combined drug and dietary 
treatment
16.8 % 19.8 % 18.5 %
No treatment 24.0 % 16.4 % 19.6 %Lipids in Health and Disease 2006, 5:5 http://www.lipidworld.com/content/5/1/5
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conducted to a sample from the province in which the
capital of the country is located, the prevalence of clinical
confirmed hypercholesterolaemia was 46.0% for men and
40.0% for women.
It is obvious that the respective figures of ATTICA study
are around twofold of our estimations. Furthermore, our
finding that hypercholesterolaemia is more prevalent in
women than in men is also in contrast with the results of
ATTICA study. The observed differences between the
results of ATTICA study and our work can be possibly
ascribed to the selected way of identifying hypercholester-
olaemic participants in our study. Due to the fact that the
participants self – reported whether they are hypercholes-
terolaemic (without confirmation via clinical examina-
tion), it is possible the prevalence's values to be
underestimated as it is generally accepted that there is a
large group of hypercholesterolaemic individuals una-
ware of their condition. Specifically, several studies [18-
22] have reported that around half of those with hyperc-
holesterolaemia are aware of their elevated cholesterol
levels (the proportion varies from one-third to two-thirds
across populations). Furthermore, according to the results
from the WHO MONICA Project [16] (a multinational
survey), the prevalence of awareness of hypercholestero-
laemia was substantially higher in most populations
among women. However, the fact that the prevalence of
hypercholesterolaemia increases with age, which is a fre-
quent finding of similar surveys, was also observed in the
present work (Table 4).
The significant positive associations observed between the
prevalence of hypercholesterolaemia and hypertension,
diabetes mellitus, obesity and physical inactiity (Table 3)
confirm the frequent finding from other studies [23-25],
that hypercholesterolaemics usually, apart from high total
cholesterol in serum, have to confront additional health
problems, the coexistence of which enhances the total car-
diovascular risk. However, the inverse association
observed between the hypercholesterolamic status and
the smoking habit is a "pleasant" finding since it possibly
shows a trend among hypercholesterolaemic participants
of avoiding this unhealthy habit in order to delay the pro-
gression of atherosclerosis. Therefore the above findings
emphasize in the need for implementation of effective
policies in Greece for the detection and control of hyperc-
holesterolaemia.
In the present study, the expected higher prevalence of
obesity (Table 3) in the subgroup of hypercholesterolae-
mic participants was confirmed, as well as the greater val-
ues of BMI in the same subgroup
(hypercholesterolaemics: 27.21 ± 6.47 kg/m2, normocho-
lesterolaemics: 25.21 ± 5.25 kg/m2, p < 0.001). This find-
ing shows that although hypercholesterolaemic
participants are aware of their hypercholesterolaemic sta-
tus, they have not managed yet to approach an ideal body
weight. However, analysis of the reported food consump-
tion patterns suggests that they might have started adopt-
ing some more healthy nutritional behaviour compared
to normocholesterolaemic ones. Specifically, as it was
mentioned in the results section, consumption of fish,
fruits and juices, cereals, and low fat milk and yogurt was
found to be higher among hypercholesterolaemic subjects
while the opposite was observed for food items as red
meat, pork, egg, full fat dairy products and desserts (Table
6). This finding possibly reveals a first level of compliance
of the Greek hypercholesterolaemic subpopulation to the
respective dietary guidelines. The considerable differences
observed among the two subpopulations in relation to the
Table 6: Food items consumed (in servings/week) in relation to hypercholesterolaemic status
Normocholesterolaemic Hypercholesterolaemic P
Red meat 1.64 ± 1.28 1.44 ± 1.12 < 0.001*
Pork 1.27 ± 1.15 0.95 ± 0.99 < 0.001*
Poultry 1.42 ± 1.11 1.44 ± 0.96 0.562
Fish 1.31 ± 1.11 1.55 ± 1.15 < 0.001*
Egg 1.29 ± 1.63 0.69 ± 1.16 < 0.001*
Bread & Cereals 11.94 ± 8.76 12.61 ± 8.27 0.031*
Pasta & Rice 2.08 ± 1.50 1.69 ± 1.25 < 0.001*
Potatoes 2.25 ± 1.74 1.79 ± 1.43 < 0.001*
Vegetables 7.15 ± 3.81 7.30 ± 3.79 0.272
Fruits & Juices 7.45 ± 6.15 8.48 ± 6.92 < 0.001*
Milk & products Full Fat 3.77 ± 5.00 2.09 ± 3.88 < 0.001*
Milk & products Low Fat 2.27 ± 4.14 3.57 ± 4.83 < 0.001*
Cheese Yellow 2.26 ± 2.52 1.69 ± 2.24 < 0.001*
Cheese White 5.07 ± 3.29 4.47 ± 3.19 < 0.001*
Legumes 1.21 ± 0.94 1.24 ± 0.90 0.431
Dessert or Ice Cream 2.12 ± 2.68 1.59 ± 2.43 < 0.001*
P < statistical significant difference between normo- and hypercholesterolaemic participantsLipids in Health and Disease 2006, 5:5 http://www.lipidworld.com/content/5/1/5
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consumption of eggs and full fat dairy products (about
twofold) support this hypothesis, since avoidance of the
over-consumption of the specific food items, due to their
high content of saturated fat, is a very common guideline
to people with hypercholesterolaemia. Furthermore, the
majority of the hypercholesterolaemic participants
(65.3% of men and 71.2% of women) reported (Table 5)
implementation of dietary treatment (combined or not
with drug treatment), which possibly explains the
observed trend towards a more healthy food consump-
tion pattern. However, the reported food consumptions
are quite different from the recommended ones, accord-
ing to the beneficial dietary pattern of Mediterranean Diet
[10,26,27] which among others highlights the importance
of adequate consumption of vegetables and legumes.
Limitations
This study as a cross-sectional one cannot establish causal
relations but only generate hypothesis that could be eval-
uated by future prospective randomized trials. Addition-
ally, the applied method of self – reporting
hypercholesterolaemia neither is able to provide data rel-
evant to the level of hypercholesterolaemia's awareness
(thus the evaluated prevalence of hypercholesterolaemia
may be underestimated), nor can be as accurate as the bio-
chemical tests. However, Natarajan et al. [28], who inves-
tigated the validity of self-reported hypercholesterolaemia
in the U.S. adult population, suggested that this method
may be used for surveillance of hypercholesterolaemia
trends in the absence of measured cholesterol levels, but
caution should be given when interpreting the results due
to low sensitivity of the method. Another methodological
limitation of the present study is that analysis of semi-
quantitative food frequency questionnaires cannot pro-
vide accurate data in terms of specific nutrients, so conclu-
sions should be expressed only in relation to food groups
or items tested.
Conclusion
According to the presented data, hypercholesterolaemia
affects a large part of the Greek population. Possibly the
adoption of "westernized" dietary patterns by Greeks dur-
ing last decades, played a strong role for this phenome-
non. Since, effective treatment of hypercholesterolaemia
is an important element of strategies to prevent cardiovas-
cular disease, we suggest that periodic cholesterol meas-
urement is considered essential and must be followed by
active and effective interventions.
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